This paper gives an overview of the research activities within the European COST Actions G1 and G8. Both actions aim at achieving a better preservation and conservation of our cultural heritage by increasing the knowledge in art and archaeological objects through chemical and physical analyses.
Introduction
Europe has a particularly rich and diversified cultural heritage, including buildings, monuments and objects of all sizes, comprised of a great variety of materials. It defines our cultural foreground, directly influencing the environment in which we live. Moreover it provides the motivation for cultural tourism, and is the basis for a rich diversity of learning.
Much of this heritage is seriously endangered through a variety of factors and influences, such as pollution, ageing, natural disasters, essential tourist access, ignorance or simple negligence. As a result it urgently needs to be properly protected and preserved for the benefit of both current and future generations. Frequently, the conservation measures required are underdeveloped, not well understood or widely known. As the complexity of the problem becomes both more evident and greater through the application of modern scientific techniques, the proposed solutions and the means of investigating them become also increasingly sophisticated. Unless conservation measures are urgently researched, disseminated and applied to the preservation of this ''fragile and non-renewable resource'', it is clear that ''. . . there will be nothing left to provide access to or to educate people about'' [1] .
Whilst there is general agreement that action is required to halt or mitigate decline, few people know that high level research and technology play an essential role in protecting Europe's cultural heritage. The application of analytical techniques -initially developed in and for the field of materials science -to art or archaeological objects gives the historian and the archaeologist quantitative information which helps them understand the way of life in the cultures they are studying or the technical and intellectual know-how of the artists or craftsmen of the period under consideration. In museums, this knowledge is also necessary for the conservation and restoration of objects, or to assess the authenticity of artefacts and paintings proposed for acquisition. Moreover degradation phenomena must be studied to understand their cause, their kinetics and to find out ways of preventing or slowing them down.
The intergovernmental framework for European cooperation in the field of scientific and technical research (COST) supports, amongst other initiatives, actions that coordinate the use of analytical techniques in cultural heritage research [2] . COST is an EU initiative that allows the coordination of nationally funded research at a pan-European level and its activities are based on so-called actions which are networks on a specific topic covering basic and pre-competitive research. Today COST has almost 200 actions running, involving 34 member countries and participating institutions from nine non-member countries. In what follows an overview will be given on the activities of two COST Actions G1 and G8.
COST Action G1
Action G1 ''Application of Ion Beam Analysis to Art or Archaeological Objects'' -launched in 1995 -was the first COST Action specifically devoted to cultural heritage research. The action ran for 5 years and involved the participation of 12 member countries. Table 1 lists the participating research laboratories (20 in total) together with their infrastructure. Seven of those laboratories did not have their own IBA infrastructure at the time, but were invited to join other teams in order to solve specific problems.
The most popular ion beam analysis (IBA) technique is particle induced X-ray emission (PIXE). In cultural heritage studies PIXE analyses are usually performed in a non-vacuum geometry with or without a helium atmosphere around the specimen under investigation, depending on the X-ray signal to be detected. Non-vacuum geometry is ideal for the study of fragile materials (such as manuscripts), large objects (statues, paintings) and for a rapid choice of regions to be analysed (inclusions in potteries and metals, details on paint layers, solders on gold artefacts). As a result an external beam facility is installed in nearly all laboratories using IBA techniques for archaeological purposes. Most of this infrastructure is located at research institutes. The Louvre Museum (Paris), however, had the AGLAE laboratory (Accelerator Grand Louvre pour l'Analyse El ementaire) installed at the end of the 1980s and forms an exception in this respect. Its main goal is to provide, within the museum, analytical means and expertise to a large group of historians and archaeologists. The research teams of Florence, Namur, Orl eans, Athens and Oxford have been involved in the field for a longer time. Contacts also exist with experts outside Europe such as at Delaware (USA), Lower-Hutt (New Zealand), Faure (South Africa) and Lucas Heights (Australia) [3] . Apart from PIXE other IBA methods are being used in the field as well. The Paris group, in collaboration with the Debrecen staff, for instance have developed an external beam of deuterons to perform simultaneously PIXE analysis of medium and heavy elements and particle induced gamma ray emission (PIGE) studies of light elements. The Florence and Paris groups frequently use Rutherford backscattering spectroscopy (RBS) in a nonvacuum geometry, while the teams of Oxford and Namur perform their microprobe studies by using PIXE and RBS signals simultaneously [3] [4] [5] .
Objectives and benefits of COST Action G1
COST Action G1 has pursued three main objectives:
(a) The development of non-destructive analysis methods for the study of art and archaeological objects using particle irradiation. One of the major difficulties researchers encounter is conventional investigation methods of objects of art already used in laboratories of museums. IBA methods are indeed very quantitative and reference samples for other methods can be certified this way [7] . (c) Set-up of an interdisciplinary forum of researchers involved in archaeology and archaeometry to initiate curators and historians to these novel technologies.
Scientific programme of COST Action G1
A total of six working groups were established, allowing close collaboration on specific topics that were either material oriented (paint layers, silicate materials, metals and organic materials), or involved the study of radiation damage ( Table 2) . The action coordinated its scientific activities among the participating groups by organising an exchange of samples and procedures. Also short- term scientific missions (STSM) were performed. Such missions gave specialists of different laboratories the opportunity to work together in one of the laboratories for a short period on artefacts of archaeological interest. On a regular basis workshops were organised in one of the laboratories, during which analytical research was performed on artefacts of archaeological interest provided by the participating laboratories. Priority was given to the study of artefacts recommended by archaeologists and historians who defined the archaeological pertinence of the analytical work. During the entire duration of the COST Action G1, 12 workshops and seminars were organised on general use of ion beam techniques for the study of archaeological artefacts (simulation of depth profiling analysis of pigments, problems of conservation in museums and on damage that could be made to fragile materials when using ion beam irradiation), including lectures on IBA techniques for archaeologists. Many curators are now convinced that the IBA techniques may give quantitative results in a non-destructive way. The output of the COST Action G1 included ca 30 joint publications and two monographs [8, 9] . Table 3 lists some of the collaborations.
COST Action G8
The success of COST Action G1 was motivating and a new action followed in 2001 -COST Action G8 ''Non-destructive Analysis and Testing of Museum Objects'' [19] . The end date of this action at the time of writing is August 2005. The action started off with five countries. In the mean time 21 countries have become member. Next to the 12 countries involved in COST Action G1 (Table 1) nine others have applied: Bulgaria, Czech Republic, Denmark, Israel, Malta, Netherlands, Poland, Slovakia and Switzerland.
Objective and benefits of COST Action G8
The main objective of COST Action G8 is to improve the preservation and conservation of our cultural heritage by increasing knowledge of museum objects through non-destructive analysis and testing. The use of additional non-destructive techniques (such as micro Raman, LIBS spectroscopy, video-thermography, photothermal deflection spectroscopy and Chemiluminescence) and the expansion to a multidisciplinary community allows us to obtain further complementary information.
There is an increasing need for non-destructive investigations, as sampling is in most cases restricted in view of the value or the uniqueness of the object. Even in cases that allow sampling, nondestructive testing offers the possibility of obtaining more information about one specific sample as complementary techniques may be applied. In the analytical sciences many non-destructive techniques are available, such as ion beam analysis, autoradiography and optical spectroscopy, all of which can, in principle, be used in this field. Museums, however, do not always have access to these techniques, while many of the necessary research instruments and analytical facilities are located in specialised research institutes, as they require very specific expertise. Some techniques may still need to be introduced and established in the field of cultural heritage.
The action aims at creating a Europe-wide environment, in which people directly concerned with the maintenance of our cultural heritage (i.e. art historians, archaeologists, conservators and curators) and analytical scientists (i.e. physicists, chemists, material scientists, geologists, etc.) can exchange knowledge. A 50/50% balance is aimed at between the activities of both groups, which should result in greater interest. The expected benefits are twofold. First, the capability of answering questions related to museum objects, which cannot be readily solved now, will be Table 3 Collaboration topics within COST Action G1
Research topic References
Development of inter-laboratory standards for the analysis of paper [10] Characterization of paint layers [6, 11] Provenance of obsidian artefacts [12] Chemical characterization of Iberic and Celtiberic bronzes [13, 14] Technology of gold jewellery [15] [16] [17] Corrosion of glass objects [18] enhanced. This includes the exchange of knowledge of available non-destructive techniques and the requirements for performing investigations on valuable or unique objects. In addition, museums and similar institutes will have easy access to universities and research facilities that provide such techniques.
The scientific programme of COST Action G8
Similar as in Action G1, COST Action G8 has three main scientific activities. The first one includes organising short-term scientific missions between participating institutions. The goal of these STSM (5 days-1 month) involves the training of scientists of both professional groups in the other's field as well as the transfer of practical experience among European countries. Priority here is especially given to young researchers. Secondly, regular meetings in the form of workshops are organised, often in collaboration with museums and conservation institutes, to exchange obtained knowledge in a broader group, to discuss new themes, and to build interest and create possibilities for new collaborations [20] . The goals of both activities are summarized in detail in Table 4 .
Apart from to the yearly workshops and STSM between participating groups, separate working groups have been created. The working groups allow a close collaboration and an extended and efficient exchange of knowledge within a specific topic, and therefore a more efficient way of publishing the obtained results. The following themes are addressed [19]:
• Technology and authenticity, involving the identification of the materials and their production techniques. Within this working group two distinct but related topics are studied: (1) the investigation and verification of ancient recipes starting from the Mesopotamian and Egyptian texts up to the 19th century books of technology descriptions about how craftsmen prepared and made their products are available and (2) the authentication of art and archaeological objects, i.e. the identification of fakes.
• Origin and provenance, including the characterization and location of the natural sources of the raw materials used to make (museum) objects. The main goal is to contribute to establishing patterns of raw material procurement, trade or exchange.
• Degradation processes, corrosion, weathering.
This working group deals with the problem of alteration of museum objects and the way non-destructive techniques can be used to measure this damage or monitor it with time.
• Preservation and conservation. The working group is concerned with the treatment of works of art in order to slow down deterioration, the identification of the nature and extent of damage, the assessment of the causes of deterioration. Work in this field also implies the control of the environment in which the object is located, such as monitoring of the temperature, relative humidity and lighting, ensuring proper storage, support and security.
• Development of analysis procedures involving three main goals: (1) the use and improvement Assist in choosing the method(s) best suited for a specific problem Art historians, archaeologists and conservators obtain easier access to analytical research instruments of truly non-destructive techniques (they do not require a sample to be removed from the object), (2) the maximization of information and minimization of consumed volume where a sample must be removed and (3) the development of portable/mobile equipment so monitoring can be done on site.
• Biological and Material Culture of Qumran at the Dead Sea. This working group deals with three aspects of the study of material remains at Qumran, i.e. the biological and the material cultural ones and the conservation of this cultural heritage.
Concluding remarks
For all these research activities it is important to emphasize that the multidisciplinary community of action is essential. In the current economic climate it is extremely difficult for museums to develop new analytical methods or techniques. The need for collaboration with experts in state-of-theart analytical instrumentation is therefore very high and can tap-in to sources of knowledge and sophistication of equipment, which would otherwise be impossible in the small conservation and science groups in museums.
